The synchrony of nuclear replication in individual, multinucleate hyphae of Aspergillus nidulans has been investigated. Samples were taken from cultures of germinating conidiospores, and the relative frequency of hyphae containing two to eight nuclei was determined. Because the conidiospores are mononucleate, complete synchrony will yield populations of hyphae containing only 2n nuclei, n being the number of doublings after germination. The appearance of hyphae with total numbers of nuclei other than 2n will indicate lack of synchrony. The relative frequency of hyphae not having 2n nuclei will depend on the degree of synchrony in the individual hyphae; numerical aspects of this relation are discussed. In two different strains, replication of the nuclei in any one hypha was highly synchronized when the dry weight doubling time was 1.4 to 1.8 hr. As the doubling time was made longer by changing the nitrogen or carbon source, synchrony was progressively lost. At the slowest growth rate tested, the interval between the division of the fastest and the slowest nucleus equaled 48 % of the dry weight doubling time. The active replication of some nuclei in a hypha where other nuclei were resting suggested that nuclear duplication in this eukaryotic organism may be controlled by specific initiators.
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Because the vegetative hyphae of Aspergillus nidulans have incomplete and widely spaced cross walls (3), the nuclei contained in one hypha are bathed by the same cytoplasm. This suggests that nuclear replication in a single hypha may be synchronous, and microscopic examination of living hyphae has provided some evidence for this (1) . Accurate, quantitative data on the degree of synchrony in media supporting different growth rates are not available Such data could, however, indicate how the dupLcation of nuclei is controlled.
The formation of new nr"clei may be regulated by specific initiators and repi;cators, as in Escherichia coli (5) . Reducing the overall rate of cell synthesis would then reduce the supply of these substances and lead to some nuclei replicating rapidly while others are resting. Uirk and Lark (4) have shown that this occurs in E. coli, where cells containing two chromosomes E plicate these simultaneously at fast growth rates -iid alternately at slower growth rates. Other mt chanisms of regulation, depending on the cytopLsmic levels of metabolic intermediates, would lead to simultaneous duplication of all the nuclei but at a reduced rate fitting the longer dry weight doubling time. In the present work, we studied the synchrony of nuclear replication to decide between these possibilities.
Rees and Jinks (10) and Clutterbuck and Roper (1) estimated synchrony by observing fungal colonies growing on agar under the microscope. This method is unsuitable for our purpose because the nutrient supply and growth rate of single hyphae in a colony are ill-defined. Also, quantitative measures of synchrony cannot be obtained. A. nidulans forms conidiospores containing single nuclei (9) and these germinate into multinucleate hyphae in shaken, liquid medium. We used such germinating spores to measure synchrony by counting the total number of nuclei in individual hyphae. Because the relationship between the synchrony in a single hypha and the total number of nuclei at any time has apparently not been discussed previously, it is considered here.
After the first division of the single nucleus in the conidiospore, the two nuclei now present and their subsequent offspring may or may not replicate in synchrony. If they replicate in synchrony, the growing hypha will successively contain 22, 2'...2-nuclei, n being the number of nuclear divisions after germination. If the nuclei do not replicate in synchrony, there will be a period A2 during the second generation when the faster 
When synchrony is complete and A = 0, the population will contain only hyphae with 2n nuclei. As A increases from 0, hyphae with numbers of nuclei other than 2n will have significant residence times in the population and will appear in the samples.
The relative lengths of A2, A3s.. *A, in a culture will depend on the nature of the mechanisms leading to asynchrony. It is likely that all the nuclei in a hypha are sufficiently identical to replicate and divide in exactly the same length of time. Asynchrony will then be due to local conditions in the hypha. Suppose that these vary at random, have an equal chance of affecting any of the nuclei, and produce nuclear replication times varying continuously from tD -d to tD + d. If d, the maximum variation from tD, is a constant and characteristic of the growth conditions, A2 < A3 ... <An; if nuclear replication times do not vary continuously between the limits tD -d and tD + d, but if each nucleus of a pair replicates in either tD -d or tD + d, then:
After a sufficient number of generations, A may become greater than tD, i.e., some nuclei finish two rounds of replication before others finish one, and equation 1 wiU no longer be meaningful. Replication of the parent nucleus and its offspring alternately in times tD -d and tD + d could lead to cyclic variations in the A period. Asynchrony could also occur if the nuclear duplication time, measured from the start of replication to the start of the next replication, remains constant at tD. It will then be due to some nuclei having resting phases before division while others have such phases after division, and the A periods for the different generations will tend to be constant. Growth-rate determinations. Two techniques gave similar results. In one, identical inocula of conidia were sown in a number of 50-ml Erlenmeyer flasks, each containing 20 ml of medium. At intervals, the whole contents of duplicate flasks were taken as samples. In the second, 300 ml of medium in a 2-liter Erlenmeyer flask was inoculated and duplicate samples were taken at intervals. The initial conidial concentrations were approximately 2 X 108/ml. To determine acid-insoluble fungal dry weight, samples were mixed with an equal volume of 10% trichloroacetic acid and filtered through preweighed glass filter pads (Whatman GFA). After washing, the filters were dried in a vacuum oven at 50 C and reweighed.
Nuclear staining and counting. 
RESULTS
Kinetics ofconidial germination. Fungal growth in agitated liquid cultures can follow exponential, linear, or more complex kinetics (7, 14) . The factors determining the type of kinetics are the growth stage and the conditions of agitation. Conidia of A. nidulans grew exponentially after a lag of variable length (Fig. 1) . With both of our strains, the exponential phase continued until the dry weight increased to 15 to 20 times its original The cultures remained macroscopically uniform until the latter part of exponential growth, when clumps of tangled hyphae appeared. Any sample taken during the exponential phase contained hyphae with one to eight nuclei. This indicates that germination of A. nidulans conidiospores was unsynchronized and the spread in germination times longer than the doubling time.
Measurement of the percentage of spores which had produced germ-tubes at various times after inoculation (Fig. 2 ) supported this conclusion. Germination of A. nidulans conidia thus resembles the germination of Neurospora crassa spores (11) and differs from the partial synchrony shown by Aspergillus niger conidia (13) . Doubling times in different media. The growth rate of bacteria in batch culture can be varied by changing the medium composition (5), and this also proved possible with A. nidulans. We surveyed the growth of both of our strains in media containing various carbon and nitrogen sources and found in each case a lag followed by an exponential phase with a characteristic doubling time. From the substrates tested, we selected three sugars, which, with nitrate as nitrogen source, supported doubling times of 1.8 to 9.0 hr for strain 46; and three nitrogen sources, which, with glucose as carbon source, gave similar rates for the wild type (Table 1) . We chose two types of compounds as growth-limiting factors to extend the generality of any observations made. were shaken in plain Erlenmeyer Synchrony of nuclear replication at different growth rates. Cultures of the strain-media combinations described in Table 1 were sampled from the start to the middle of the exponential phase. All except the earliest samples contained hyphae with 2 to 8 nuclei. After staining with acridine orange, microscope fields were chosen at random. The nuclei in all the hyphae lying well separated in a field were counted and the numbers of those containing 2 to 8 nuclei were recorded. Nuclei in the process of division could be easily distinguished from interphase nuclei and were, as found by Clutterbuck and Roper (1), infrequent. By using the proportion of dividing nuclei out of a total of 400 and the mitotic index formula (2), the time taken for mitosis was estimated to be 3 to 5 min in glucose-nitrate and not longer than 5 min in the other media. Because of the small number of nuclei in mitosis, only hyphae containing nondividing nuclei were recorded to give the distributions shown in Fig. 3 and 4 . From these distributions and from equation 1, we calculated the A periods for the second and third generations as a fraction of the doubling time (Table 2 ). A2 increased with increasing doubling time and so did A3, except at the slowest growth rates. At the slowest growth rates, however, a proportion of the longer hyphae were entangled with one another and could not be counted. This led to the relatively small number of third generation hyphae recorded in the histograms and to an underestimation of A for the third generation. A3 clearly tended to be longer than A2. We used equation 2 to determine whether the values for A2 and A3 fit the hypothesis of an asynchrony constant d, characteristic of the growth conditions. The values of d obtained in this way from the two A periods showed good agreement except for the slowest growth rates (Table 2) . DIscussIoN The basic assumptions underlying our method of determining synchrony were that conidial populations germinate with a large spread in germination times and grow exponentially. These assumptions appear justified. Whereas Marshall and Alexander (8) found that fungal growth in liquid cultures followed cube-root and not exponential kinetics, they started to measure growth only 12 hr after inoculation. We, on the other hand, confined our experiments to much younger and shorter hyphae. Exponential growth of germinating conidia followed by growth with different kinetics in older hyphae has been described in N. crassa (14) . It should be stressed that for the data in Fig. 2 , we used the appearance of the germ-tube as the criterion of germination. By the time the germ-tube is distinct, the conidium has already greatly increased in volume and weight and may contain two nuclei. This would explain why growth is exponential at a time when a con- siderable portion of the conidia are still without germ-tubes ( Fig. 1 and 2 (5) has proposed that the availability of specific membrane attachment sites and of particular proteins controls the replication of the E. coli chromosome. The simplest explanation of our results would appear to be similar, at least in principle, to that proposed by Lark. It is relevant that the segregation of animal chromosomes during mitosis indicates an attachment of the parent and daughter chromosomes to different structural entities (6) and that specific proteins are needed to initiate deoxyribonucleic acid (DNA) synthesis in eukaryotic nuclei (12 
